Cogan's syndrome is a rare, multisystem disease which occurs predominantly in children and young adults. It was originally described as the combination of interstitial keratitis and audiovestibular disturbance, but other forms of ocular disease, as well as systemic vasculitis, have since been recognised as part of the syndrome. Diagnosis can be diYcult if the various manifestations occur separately, but early recognition is important because prompt treatment may prevent deafness. Two cases are presented here illustrating the features of this disease, and providing histological evidence of systemic vasculitis in both.
mal (alkaline phosphatase 127 IU/l (normal <120); alanine transaminase 72 IU/l (normal <55); -glutamyltransferase 91 IU/l (normal <50)). Serology for viral hepatitis, HIV, Chlamydia species, syphilis, and rickettsial disease was negative. Audiometry showed bilateral moderate to severe sensorineural hearing loss. Magnetic resonance imaging of the brain and inner ear was normal. Lumbar puncture showed three polymorphs, 13 lymphocytes, and a protein level of 0.52 g/l (normal 0.15-0.45). Plain radiography and computed tomography (CT) of the chest were normal. Abdominal CT showed multiple, low density lesions within an enlarged spleen, a 4 cm diameter low density lesion in the liver, and slightly enlarged retroperitoneal lymph nodes (fig 1) . Bone marrow examination and angiography of the hepatic, splenic, and mesenteric arteries were normal. Transcutaneous biopsy of the liver lesion showed arteritis, a mixed chronic inflammatory cell infiltrate with abundant eosinophils, and a portal tract granuloma ( fig  2A) . Biopsy of a skin nodule showed an arteritis aVecting small muscular arteries ( fig 2B) .
A provisional diagnosis of Cogan's syndrome was made and intravenous corticosteroids (methylprednisolone 1 g daily for three days) were given. Repeat audiometry a week later showed a clinically significant 10 decibel improvement in the right ear and a 15 decibel improvement in the left. Intravenous (one pulse), then oral cyclophosphamide was started for persistent systemic symptoms. After three months' treatment with oral cyclophosphamide (150 mg daily) and prednisolone (60 mg daily), his systemic symptoms slowly improved. He can hear conversational speech with the assistance of a hearing aid. CASE 2 A 36 year old man presented with recurrent fevers associated with night sweats, headaches, lethargy, weight loss, and a transient nodular erythematous rash on the trunk and legs. Physical examination was normal.
Investigations showed a mild anaemia (haemoglobin 127 g/l (normal 130-180)) and thrombocytopenia (platelets 146 × 10 9 /l (normal 150-400), ESR of 114 mm/1st h, CRP of 170 mg/l, and serum ferritin of 4664 µg/l (normal 20-400). Renal function, urine analysis, muscle enzymes, thyroid function, rheumatoid factor, ANA, ANCA, complement, serum ACE, and bone marrow biopsy were normal. Liver function was moderately abnormal (albumin 30 g/l (normal 35-50); aspartate transaminase 252 IU/l (normal <43); alanine transaminase 399 IU/l (normal <55); -glutamyltransferase 254 IU/l (normal <50)). CT scan of the chest and abdomen showed mild splenomegaly, and liver biopsy showed only fatty change. Echocardiography was normal and blood cultures were negative. Extensive serological testing for bacterial, viral, rickettsial, protozoal, and tuberculous disease was negative. Prednisolone 100 mg daily was started, with marked clinical response and normalisation of serum inflammatory markers. Reduction of the corticosteroids over the next six months was limited by flares of disease at prednisolone doses of less than 25 mg/day. The introduction of weekly methotrexate allowed the prednisolone to be weaned to 5 mg daily. Six months later he developed left eye iritis, which responded to topical corticosteroid drops, but became a recurrent problem. One and a half years later he re-presented with recurrent fevers, arthralgia, and red nodules on his legs.
He also noted tinnitus and bilateral hearing loss of two weeks' duration. A CT scan of the brain was normal, but audiometric testing showed bilateral moderate to severe sensorineural hearing loss. Despite increasing the prednisolone dose to 50 mg daily (IV methylprednisolone was not used at the discretion of the treating doctor) the hearing did not improve. However, repeated audiometry over the following two weeks showed no further deterioration. Biopsy of a skin nodule showed vasculitis aVecting arteries, veins, and capillaries. Based on the clinical constellation of iritis, sensorineural hearing loss, and evidence of systemic vasculitis, a diagnosis of Cogan's syndrome was made.
Discussion
Cogan's syndrome describes the association of audiovestibular dysfunction and inflammatory eye disease with or without systemic features, including vasculitis. 1 2 The audiovestibular disturbance in Cogan's syndrome produces a Ménière's-like illness and progressive sensorineural hearing loss, which results in profound, irreversible deafness in 50-85% of patients.
3-6 Cogan's syndrome has been divided into typical and atypical forms based on the ocular findings, with typical Cogan's syndrome defined by interstitial keratitis, and atypical Cogan's syndrome by other forms of ocular disease, including iritis, conjunctivitis, episcleritis, anterior or posterior scleritis, or retinal vasculitis. 3 4 However, this distinction has been questioned recently as it provides little prognostic information. 6 In most cases the eye and ear manifestations occur within a few weeks to months of each other (as seen in patient 1), but may occur up to nine years apart. 3 5 The pathogenesis of Cogan's syndrome is unknown. Infectious causes have been suggested, including Chlamydia and Borrelia species, but not proved. There was no evidence for infection with these or other organisms in our patients. Reports of pathological examination of ocular and inner ear tissue have shown lymphocyte and plasma cell infiltration of the cornea and cochlea. 4 5 The presence of serum antibodies apparently recognising corneal and inner ear antigens has been shown in a few cases, 6 7 but the significance of this is not yet clear.
Systemic disease occurs in approximately 50% of patients with Cogan's syndrome. 2 5 Non-specific symptoms such as fever, weight loss, fatigue, headache, arthralgia, myalgia, and abdominal pain are most common. 4 5 Other manifestations include testicular pain, pleuritis, diarrhoea, cutaneous nodules, lymphadenopathy, splenomegaly, hepatomegaly, and central and peripheral nervous system abnormalities. 5 Vasculitis has been reported, though there are relatively few reports with histological confirmation. 4-6 8 Although usually a large and/or medium vessel vasculitis, any sized vessel may be aVected. 5 6 9 10 In our two cases the histological appearances and the normal mesenteric angiogram (patient 1) support a diagnosis of small vessel vasculitis. There is no confirmatory test for Cogan's syndrome and diagnostic criteria have not been developed. The diVerential diagnosis includes infection (for example, syphilis, Chlamydia species, viral infection, and Lyme disease), sarcoidosis, and coincident unrelated eye and ear disease. 4 5 Diseases such as polyarteritis nodosa, Wegener's granulomatosis, rheumatoid arthritis, giant cell arteritis, and relapsing polychondritis may be complicated by inflammatory eye disease and, less commonly, sensorineural hearing loss. 11 The diagnosis of Cogan's syndrome in our two patients was based on the combination of inflammatory eye disease and sensorineural hearing loss in the presence of systemic symptoms and histologically proved vasculitis. Our cases did not fulfil diagnostic criteria for any of the primary systemic vasculitides and may help to distinguish Cogan's syndrome from unclassified systemic vasculitis.
The ocular inflammation in Cogan's syndrome generally responds to topical corticosteroids. 5 Systemic steroids are given for progressive hearing loss or systemic manifestations of Cogan's syndrome. Administration of high dose corticosteroids within two weeks of the onset of hearing loss is reported to give the best outcome. 4 9 12 In case 1 our patient's hearing improved significantly after treatment with intravenous methylprednisolone despite a three week history of hearing loss. In contrast, his constitutional symptoms only slowly improved with intensive treatment, consistent with a systemic vasculitis. In case 2 the hearing loss of two weeks' duration occurred despite methotrexate and low dose prednisolone, but there was no further deterioration once the dose of steroids was increased.
These cases highlight several important features of Cogan's syndrome. There may be considerable diagnostic diYculty when there is a long prodrome of systemic illness before the development of hearing loss and eye symptoms. The partial reversal of hearing loss in case 1, and stabilisation of hearing in case 2, show the value of high dose steroids for this complication of Cogan's syndrome. Immunosuppressive agents, such as cyclophosphamide and methotrexate, may be required to control the systemic manifestations of the disease.
